Abstract
Introduction

46
Nanotechnology has become very popular over the last few decades due to significant advances 47 their environmental release. [10] Therefore, efficient removal of engineered NPs from wastewater 60 is particularly important in view of their increasing evidence for their ecotoxicity.
[11]
61
Furthermore, their toxicity to some microorganisms within the biological systems of WWTPs is 62 of particular concern, since the inhibition and loss of certain bacterial species involved could be 63 detrimental to biological treatment performance. [12] Previous study by Otero-González et al. [13] 64 indicated that the extended exposure to even relatively low concentration (1.4 mg/L) of CuO NPs 65 had a markedly negative effect on the performance of methanogenesis in upflow anaerobic 66 sludge blanket (UASB) reactor. In another recently study, 50% inhibition of CH4 production was 67 also observed during anaerobic digestion processes in the presence of 11 mg Cu L -1 of CuO NPs 68 over a 14-d period.
[14]
69
In addition, the fate, transport, and toxicity of NPs in wastewater treatment processes may differ 70 largely from those of their ionic counterparts, due to the differences in the properties (size, and organisms evaluated. [10] CuO NPs and Cu 2+ ions were reported to show different toxicity to 73 some microbes. [15, 16] In a recent study of the toxic effects of CuO NPs, bulk CuO and CuSO4 on
74
Tetrahymena thermophila, Mortimer et al. [15] indicated that the most toxic Cu compound was CuSO4, which was approximately 120 times more toxic than CuO NPs and 1500 times more 76 toxic than bulk CuO. The different toxicity of Cu compounds has also been reported in a study of 77 Heinlaan et al. [16] where the EC50 values for bulk CuO There is a lack of information on the behaviour of CuO NPs in WWTPs and the effects of CuO
84
NPs on the treatment performance in terms of organic removal and nitrification. [12, 13] In 85 particular, a detailed evaluation of the extent to which CuO NPs were removed, characteristics of
86
CuO NPs in suspension and/or sludge, and a comparison of the above with ionic salts, is 87 currently not available. [10] 
Analytical methods
148
Sampling commenced after 15 days of operation of reactor, in order to ensure stable operation.
150
Aliquots of completely mixed liquor suspensions were collected every 0.5 h over a period of 5 h.
151
Collected samples were first centrifuged for 20 min at 10,000 rpm (Eppendorf 5810R 
155
The Cu levels in both liquid sample and biosolids were determined as described by microwave 156 plasma -Atomic Emission Spectroscopy (MP-AES).
[13] Briefly, 10 mL collected samples were 157 first centrifuged for 10 min at 10,000 rpm prior to metal analysis (Eppendorf 5810R). Then the 158 supernatant (2 mL) were collected and mixed with 2 mL of HNO3 (69%, Sigma-Aldrich) and The impact on bacteria integrity in the presence of CuO NPs and copper salt were assessed using NPs.
[21] Furthermore, the Cu concentrations in copper salt treatment were 3.2, 3.1, 4.9 and 5.9
223 fold higher than in the corresponding CuO NPs treatment (Fig. 2B) Prior to addition of CuO NPs, the COD concentration in the effluent was around 130 mg/L 240 which corresponds to a COD removal efficiency of 78.7% (Fig. 3) . previous studies [11, 34] which indicated that the primary process of NP removal from wastewater 314 is believed to be associated with biosorption onto biomass, although NPs may undergo 315 transformation (e.g., dissolution of metal ions from metal-based NPs). In addition, these 316 observations also support the hypothesis that different mechanisms might govern the removal of
317
CuO NPs and Cu 2+ ions from wastewater. As for CuO NPs, the attenuation of the CuO NP 318 concentration in the solution phase is most likely due to precipitation of Cu species and CuO NP 319 adsorption onto the biomass. In contrast, copper salt quickly undergo dissolution followed by 320 complexation and precipitation.
322
The morphological changes in the activated sludge induced by the accumulated CuO NPs and 323 Cu 2+ were observed by SEM (Fig. 6A-6C using EDS profile analysis to confirm their Cu-based composition (Fig. 6D-6E ). The EDS profile 331 clearly demonstrates a Cu peak that is absent in the sample from the control reactor. to CuO NPs; and C) Sludge in the treatment exposed to Cu 2+ ions; D) EDS spectra for A); E)
523
EDS spectra for B); and F) EDS spectra for C). 
